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THE INFLUENCE OF WEATHER ON POPULATION
FLUCTUATIONS IN CALIFORNIA QUAIL

WILLIAM ). FRANCIS, Mutevm of Verteliia'e Zoology, Beteley, Calileinin

Abstrict:  Ape ratios of quail (Lophortyx califumicus) i San Luks Oblspo County, Culifornta, were
avallable for L) conseentive years, Ralios wese bawsd on hunstershot samples averaging 072 binds per
year. Weather data wite complled and o multiph Jinear regresson of quall prxluctivity on selected
weather patanielers revealed n close eelatiomslip (P < 001), Quall productivity sevmed to e a
function, In order of knpotiance, of {1} soil mobture I late April calenlited from temperature and
rainfall-dutu, (2} propurtion of breeding females over 1 vear old, and (3} the seasonal talafall from
September to April,

Three geographically folated wild quail populations amd one penned population were observed dug-
ing two hiceding seasons that weie very dilferent in productivity. n 1063, quall produced many young.
‘The hreeding petid was charucterlzed by intense activity amd persistence of breeting effort extend.
ity I captive biesh, to procluctlon of second broals.  Vegetation thet year ncludiee many anmsa)
forlis growing vigotowly during the breeding season,  In 10, production of guail was very low on
ol ateas, The binds seemed to lack reproductive deive, mud breeding effort tesminated catly, Faib

segelution that year was sparse,

Reproduclive success and the resultunt
population levels of California quail are
kuown to vary considerably from year to
year, As far back as 1887, quail were o))-
served to retnain in coveys and to full to
breed in unfuvorable years (Grinnell et al,
1918; Sumner 1835). Sterer ct al, (1942),
Raitt and Genelly (1864), and McMillan
(1964) have reported large annual varia.
tious in the proportion ol juvenile birds in
Culifornin quail populations in the fall,
. Among Califomia quail introduced into New
Zealand, the 1ativ of fuvenile to adult birds
was found by Willlums (19063:444) to vary
from 0.17 to 1.15:1 over a 14-year period,
_In the reports cited the varlution in pro-
duction of young is frequently attributed

——

¢ Prosent aldress: Burenn of Spost Fisheries and
Wildlife, 1. O. Box- %23, Samdusky, Olio 44570,
Aﬂ'? .

to weather, sometinmes directly, bhut more
often indirectly through its influence on the
vegelution, The deseription of the weather
is often in such general terms as “a diy
winter,” “spring wetler than usual® cte,,
but sometimes more specific, as “October
to March rainfall” '

The present study was undertaken: to
investigate the particular weather factors
relating to reproductive suceess; tn deter-
wine the joint effect of such weather factors
on biological parameless affecting popula-

“tion levels; und to find combinations of

weather fuctors which would be significant
in predicting quail production.

- Several departiments of the University of
California provided facilities und assistince:
the Animal Behavior Laboratory, the Sur-
vey Rescarch Center, the Public Health
Computer Loaboratory, the Department of

an
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tuble ). Distibulion of nuail by 1ex and nge In foll hunting somp'es, Shordon aren.
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1039 205 L.1¢} 145 T 045 nue
1600 110 157 T H L)1 1.54 525
1001 2 114 152 103 0.063 504
1062 143 43 N 414 2. 17
1463 230 o 1at L04 1,33 Ll
1064 167 (] 120 5 0.04 307

Data from MeMillan (1984, and penonal cammunicostion ),

Entomology aud Parasitology, and the Mu.
scuin of Vertehrate Zoology., 1 am indebted
to 1. MeMillan for permission to work on
s ranch and for other assistance, 1o ).
Davis and K. White for assistance and faci-

Jities at Hastings Reservation, o Catherine

Pyle for assistanee in muintaining quail in
the encloswe, to W, I, Taylar for guidance
in statistical analysis, and to G. M, Christ-
man for assistance with graphs. A. S, Leo-

" pold gave advice and assistance throughout
- the study and constructively criticized the

manuseript, R, F, Labisky also read the

 manuseript and offered suggestions.

: METHODS AND MATERIALS
- Study Areas

Qunil populations were studied in three

~ .. principal arcas in California. These will be

referred to as Berkeley in Contra Costa und
Alameda Countles; the Hastings Rescrea-
tion in Monterey County; and Shandon in
San Luis Obispo County, especially on the
McMillan Ranch. Some ndditional observa.
tions were made in Kern and Manterey
Countics,

Population Rocords

Data on sex ond age ratios in (aail popu-
lutions for previous years were available
for all threw areas (Iailt aud Genelly 1984;
McMiltan, 1985 and  original  banding
recurds at flastings Roeser ation.)  The
length of record and size of unples at both
Herkeley and Hasting: lleservation were
too small to permit adequate statistieal
anaylsts, and correlatious are reported only
for Shandon data. Field observations in
all areas are included in the discussion.
Table L shows dati on quail sex and age-
clusses in fall hunting samples taken at
Shandon and reported by MeMitlan (1064:
703), supplemented by his unpublistied
ficld notes,

Weather Station Records

Temperatnre and rainfall data for Paso
Robles { USWD Station 6730), 15 miles west
of Shandon, wers made available on
punched eards by the National Weather
Records Center, Asheville, North Caroling.
Rainfall datu for Cholame (USWB Station
1743}, 8 miles east of Shandon, were ex-

-



Isvecescr oF Wiames ox Quatk, Porcrnatioss « Franels

tracted Mromg US, Weather Butean climato-
logical publications: wn lemperature data
for Cholume were available,  Additional
thata were oblained fram the hourdy westher
observitions of the PAA stution at the
Pasv Robles Adeport for the period Febrn.
ary, JHEY Lo May, 1964,

Weather hotragents were nstalled o
record temperature, Innuidity, and rainlall
data within e quaail babitats in the three
study aceas durdang the 2 <cary of liek study.
A comparison of the. duta from the Shandon
istallation with officin) data from Pase
Hobles and Cliolame showed the day-to-
day variativns to be stnilar and indicated
that the oftivind duta conld he secepled as
indicating wewther variations in the Shoan.
don it w eas,

The: volume of datu in these records—
masfmum and minimom temperature and
amount of precipitation for cach day—re-
quired some reduction, Means of weather
clements were calenlated for 10-day periods
{referred o hiereafter as “decades™ -
bered conseewtively beghmiug with Sep.
tember 2 of each year, Previons studies
have found periods of this order 1o e
desirable {Nice 1937, Allison 1862, Eniung.
wn 1942). The days remaining alter 36
decades were jgnored.

Captive Quail

in carly Mureh, 1963, four male and
four female wild quail (half adults and
half yearllugs) were trapped, marked with
colored ley bhands, and placed in o 100- %
100-1t eosclosure am the Animal Behavior Sta.
tion, Berkeley campus {Francls 1965:511 ).
One female was killed by collision with the
fence on April 19, leaving a breeding popu-
lation of three pairs andd one extra male.

On February 24, 1904, | ceduced the
popidution to tour pairs by trappiug and
releasing excess birds, The remaining birds
were one pair over 2 years old, vne pair in

[ 2-4
[+
P

the secom] breeding season, and two pairs
of yearlings hutehedd in the enclosire the
previons yoar.

An vbservation hut built into one side of
the vuclosure ullowed close abservation of
the birds with 2 minimum of distusbance.
i observed behavior sd breeding phenol
oty throughout two breeding seasons, Sup-
plementary foud (poultry chiow) and water
were supplivd.

Tropping

Trapping programs were carried out to
obtain sex and age rutios in the guatl popu.
lations, and to estimate population size, in
the Berkeley Hille, o! Hastings Heservation,
antd ot the MeMillan Ranch fu the Shan.
don area. Wire mesh, funnel-type traps
were used at all Jocutions.

Field Observalions

Observations during 1963 and 1964 in.
cluded amount and species  campasition
of vegetation, breeding behavior of quadl,
Lreeding phenology of both captive and
wild quail, and examination of 22 speci-
mens. Obscrved ratios of youny fo adult
auail were very different during these 2
years; 1983 was a year of good praduction,
while production in 1964 was almost a com-
plete failure.

RESULYTS
Vegelution

=uail ~aclosire~lin 1963, o
¥ oaww - .¥bs were present in

abundanee, the mure promivent spectes in
the spring {ucluding Erodium cteutariuin,
Medicago apiculatn, Medicago hispide, Ger.
anfum dissectum, Anagellls arcensis. Viela
satica, Brassica campastris, and Ronunculus
californfens.  Grasses, thistles, aud other
Compaositae were abso present { Plant names
follow Jepsun 1860), '

Medicago and Eroditon are amony im-
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portant uatural foods for quail (Sumner
1035:172-173) amd presumably are highly
nulritions; green leaves of Viela were also
estemsively wsed by the quail w the en.
vlos.re,

Tn 1934, forbs decteased  greatly and
grasses trereased, fu comparison with the
previous vear. Nane of the spring-Llooming
fors were present, but thistles increased
noticeably.  Observations of feeding birds
showed a greater use of grain supplements,
compared to natural loads, than in 1963,

Hlastings Resercation A heavy growth
ol grisses fn the open meadows in 1963
remained In 1964, although with Jittle new
growth, Frodium ricutarhin was conunon
in both years, but other forls were less
nunerous in 1964 than in 1963,

Shandon.—At McMillan's Ranch, growth
of vegetation wis esceptionally good in
1983. Ioterspersed with pasture  grasses
were almndant forbs of several specles of
Erlagontm ad Lupinnus, Medicago hisplda,

Anusinckia douglastona and widespread and

abandint E, clewtarim, These are all quail
food (Suinner 1935 Glading et al. 2140},
and probably inportant sources of essentlal
nutrients. Poorer growth was evident in
10684, aml the forbs found the preceding
vear were scarce or absent, Close exnmina.
tion of a pasture in which quail were ob-
served feeding showed many very sl
trodinm plants, and the quait in this area
showed no sigus of malnut-ition in the

- quantitative sense,

Breeding Behavior

" Betkeley quail enclosure—Observations
were made for a total of 60 hours on 58
days from March 14 to June 19, 1963, Nor-

~mal pairing may have been distupled by
_trapping, but three pales formed by April

28, Little aggressive behavior was noted

wmrang the birds in the enclosure, but the

©males reacted to “squill® ealls  (Sumner

SN 20 Al 1970

1933:200-20%) hom wild bindy outside by
mnning along the fenee, Tooking ont,
answering, ‘The wild birds seemed o be
strongly attracted to thase fu the enclosure,
and I many cuses would follow a Teeding,
pair or group by walking acruss the top ol
the enclosure. “Cow™ ealls were frequent
amonys the wild birds, and were seeasionally
answered by males in the enclosure, Copu.
lation by the captise birds was observed on
pine veeasions,

In 1964, observations were made for o
total of 23 hours on 34 duys from Muarch 2
to Jute 13, Pair formation was first noted
on March 8. No agueressive hehavior was
obiserved among the cight captive birds;
there was Hittle calling of any kind cither in
the enclosure or from birds ontside, ol
capulation was not observed wt any time.
The bivds fed fsequently in a group rather
than (n separate pates. Au oceastonal wale
ontside the enclosure appronched the fenee.
On April 13, a amale insde  exchanged
"squill” calls with a bird outside and seened
to almupt an attack through the fence,
“Cow” and “squill” calls were heard ont.
sidee the enclosure on aboul four veeasions
in May, bhut no “cow™ calls were given by
any bird fmide, The binls were less active
than during the previous year, spending
piore Hime resting in cover of the brush,

Hastings Resercation.—Pairing hegan in
carly March, 1903, and by the first parl of
May, the one covey observed had broken
up completely jnto wmated paies and single
birds. “Cow” calls were heard regulacly,
In 1984, in early March, there were no signs
of pair formution in a covey of 25 bivds; in
April, however, most birds appeared to be
paired, and a shogt cocklight, accompanieid
by “squill” ealls was ebserved on one oe.
casfon. No "cow™ calls were heard duriig
the spring.

Shondon—lIn carly March, 1963, paie
formation was well nnderway, widy loose
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pate-bonds evident in abont one il of 500
biveds seen; pairing was virtnally complete
by March 250 By May, at least 9 pereent
of the population, estimated at L300 birds,
was dlistributed in pairs over the MeMitha
Banch, “Cow™ calls were heand regnently
fromn late March through May; in one case,
two birds hept up a steady exchange of
calls Dusting 15 indnates. Aggressive be-
havior, including chases, “squill® calls, amd
cackliglits, was observed  thioughout the
sprinnge,

In 1961, pairing appeared to reach aboul
the same stoge in early March as it did n
163, with Toose pair-botds evident i whout
liall of 463 birds scen. In April, however,
mist of the 500 olserved guadl were sttt
in foosely assochated grenps, with many
birds romaining fn pairs within the gronp
while feeding, About one fourth of the
hirds shiowed no signs of being patred, By
vinly June, the five principal coveys had
reformed, with only 0 10 7 percent of the
birds remaining paired. The only chicks
seeh during the entiee season were a gronp
of 11 accompunyime two paies of adults,
aned g single chijek with an adult male. The
ather birds scemed 10 have abandoned ail
nestime attempts; 37 adults trapped on
June 8-9, 1464, were all molting, aud had
ne youny birds with them, Aggressive be-
havior was obiserved only in April, whien
1 vhserved one vockfight, with aceompany-
g “soquilt” ealls, and two chases; no “cow”™
alls were heard at any time during the
apring of 1R, The general impression, es-
vept lor the pairing of birds in March, was
thit of absence of reproductive adivitiess
by June, the lehavior was that of fall
coveys in a seanlly inactive stale.

In summary, the belaviar of quatl dar-
ing the breeding season showed that initial
pair formation took place in about the same
way and at the same time in the 2 years.
to the productive vear of 1903, however,

Tubty 2. Fovo ol .mmatyre o Aadait gund
wamp'es [T1, direct counts (CV oed huriets
19 rshty, 1941 a~d 1384,

n hapnll-]
bay M) by

Wk ) 161

Law Aty ]Tu.:—" . . it lalin i
Berheloy 2RO 92 0Ty A2
Thastings
Tteser gtion LY ] 50Ty
Slandon Atea 133 (W) N0T oodify g
Hunter $.4utett
Military
Nesrvation 308 (1) 653 0By 47

the futemsity of the par bond inereased o
the season prrogressed, aggeessiveness was
high and renwined so daring the spring,
anl the “cow™ culls typieat o the breeding
seison were fregquent, [ 1964, the intensity
of the pait bond decreased cardy dne the
season, aml in the Shandon arca the bowd
hiul dissolved entirely with the tormition
ol coveys in May uud earh June, Little
ageressive belavior was noted at any e,
md uo “cow”™ calls were hoeard  escept
among wild birds in Berkeiey, ‘The differ.
cuce $n reproductive drive between the 2
vears was evident in April, before nesting
begun.

Reproductive success

Reproductive sueeess  {production and
strvival of voung) was measured by brood
vounts, by the proporton of young birds in
trapped samples, and by the proportion of
vouny birds o hunting bage. The differ-
eiees were similar in all study areas; the
ratios of hinmature to adult birds are given
in Table 2, A brief summary of the obser.
vations fn each area is given below,

Berkeley.—Ninety-two guail, almost the
entire covey, were tapped, marked. and
relessed i the Gl of 1963 in e area
adjacent to the quuil enclosure; the ratio
of juveniles to adulis in this covey was
250L I 1964, fall trapping in the same
arca, plus birds trapped in the winter of
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196405 by I Jones and W, Fleteher,
vielded 42 binds, with o juvenile:adult ritio
of 0.17:1,

Among the captive quall, in 1983, two
adult females hatched 33 egus in their Hrst
nests, and one subnedult female hatched
none. Some of the chicks escaped from the
enclosure when only a few days old; of
the I3 reonining, nine grew to adult size,
u survival rate of 60 pereent. Sccond nests
by both these femnles (each with o new
mate) hatehed a total of 19 chicks of which
ouly four (21 percent) survived, The age
ratio of these caplive binds, after making
conections for those which escaped, was
3.14:1 compared to 253:1 in the wild covey
teapped in the same aren,

In 1964, with four pairs of quail in the
enclosure, half adult amd half yearling birds,
five nests were located, containing a total
of T4 egus; five additional egys were foun)
on the ground, £l but one close to one of

the nests, Only two of these nests, con-

taining 19 and 13 opes, respectively, woere
incututed, both by the adult females, and
sl eges but one hatched in each nest,
Three abandonud nests contained 14 eggs
cach. The contents of one of these, plus
thiee of the cggs fonnd on the ground,

-~ wete incubated urtificially and 1 Yatched;

fertility was probably high in all clutches,
Of the 30 cgus hatehed by the adult females,
only cight chicks were afive at the age of
2 vueks, and only three survived to adult
sice, The productivity for 19681 (allowing

- for the excape of vne ynail) was 0.50 young

per captive adult, and 0.17 young per wild-
trppesd adult, The similurity suggests in.
fluences of the conunon environment,

The observations of eaplive quall show
clearly that the failure of reproduction in

“ 1984 was not atiribatable to cluteh size op

to fertllity, which changed only shightly
from 1963 1o 1964,
Hastings Reservation.—In December,

1963, 33 hirds, of u population estinuted at
44, were trupped; the juvenileadalt ratio
wis 33%:1, In Augost, 1964, close oliserva-
tion of a covey of 35 birds peimitied an
aceurate age count. The fuvenilezadul
rutio was 0.71. Only siv out of 17 aduit
pairs were accompanied by young, with
an average of four young binds per sue-
cessful pair,

Shantdon,—On three veeusions in the smn.
mer of 1063, 1 observed guall at elose sange
from a blind near & water hole, Over 2,500
observations of Individualy wete recorded
with an average of abont four olservations
on cich BHied, and age estimated on the
basis of size and plumage development.
The average age ratio, combining young
of all ages, wis computed 1o be 3.28 young
per adult, Hunting bags in the 1963 season
totaled 967 Dirds, with a juvenile-adult
ritio of 1.35:1,

In June and August, 1964, 12 yvounyg were
observed among a population of GO0 quatl,
a ratlo of V.02 juseriles per ndult. Only 11
of 307 quail killed by hunters -were vouny,
a rallo of 0.04 young per adult. This rep-
resents the most cumplete fuilure ol re.
produetion ever documented In this urey,
not excepting the 1950 cuse described by
MeMillan (1964:707).

On the Hunter Liggett Military Reservae
tion in Maonterey County, n ratio of 3.08
young per adult was found in a sanple
of 033 hunter-killed quail in 1983; umony
479 quail checked in 1964, the zatio was
only 0.61 young per adult.

Specimons

Five males collected in May, 14963, i the
Shandon aren and nearby Kern County all
had fully developed testes (ealendated vol-
wtnes 260 to 496 mm®). Of four females col-
lected at the same time, two i ovaries
with developing egys; one had completed
layiog, with regressed ovary: und one wis
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apparently not breeding, with an ovary
welghingg only (.05 ¢,

ha 1988, thiee males, colleeted Juoe §
on e MeMillin Winch, all ad nale-
veloped testes (calealated volunes 15 to
35 mm®) and were molting, having dropyued
the Sth, Gth, amd Tth primaies respectively.
OF the three fetales collected at tis tine,
one appeared to liave a tegressed ovary, the
other two wete undeveloped. They were
also molting, having dropped the Sth, Gth,
amd Tt prismaries respectively.

The livers of 14 spechinens were frozen,
aned Jater analyzed for vilamin A content
by commercial lnboratory, Mean vitamin
A levels and standard errors for groups of
spechnens weee as follows:

Shandon arca, Awst, 1963 4 birdye
132202 10 A

Berheley, September, 1983 3 birds—
2297 1U /7,

Hustiugs Beservation, Dee, 1033: 1 bird
331U,

Shandon arca, June 1964:
9314010 g,

Vitamin A fevels in molting birds o the
Shandon aren in Angust, 1963, were low
compired to the high levels in molting bisds
in Berkeley in Septembuer, both populations
having  produced  approsimately  normal
mimbers of young. Vitamin A levels were
also high in the birds from Shandon which
were molting in June, 1984, following an
apparemt fuiture to breed.

0 birds—

ANALYSIS OF SEX AND AGE DATA

Data on the composition of quail papu-
tatiens shown in Table 1 were ohtained
from hunting bags. Although it has been
generally accepted that such samples rep-
resent population sex, and age ratios, com.
parisons of hunting smnples from differemt
arens and at different times, atd compani-
soas of trapping samples with hunting

samples in the sae are were made, This
was done o determine it sudh factoes as
dillerendal suseeptiliility to hating, intio-
duced any signilicant bigs into the samples,

Significant ditferences swere found in twe
sses, Inoone sub-arci, the immataie sex-
ratio at the end of the lisnting season if-
fered significantly from the early-season
sex ratio (P <003) and albw trom the ex-
peeted 1:1 ratio (P < 001), All other sub-
samples showed inmiature sexoratios very
close 1o i1 e another subarea, the adult
sex-ratlo ot the end of the Liunling season
diffesed (£ <2003) Trom that at the Ie-
ginning of the hunting scason, with fower
wdult females i the Late scason.

Combining data for the lwo seves, awd
looking at the age tatios only, 1 found no
stenificant diflerenices between arcas, be-
tween early ad late season hunting, or be.
tween hunting ond teapping. The lack of a
difference between hunting and tnipping
samples can mean only (1) that both
wethods of sampling give an unbiased
ostimute of the population comiposition, or
(2) that both wapping and hunting are
biased in the same way with respeet to age
groups. The latter livpothesis would be dif-
ficult to justify. Trapping of marked binds
showed to consistent bias in frequency of
captute of young versus old birds, The
assumption s made, therefare, that the
hunting samples give unbjased esthmates of
the proportion of young and old birds in
the population sampled, Fhere is more
doubit as to how well the sex ralios are
estimates),

Population Model

In order to make a quantitative evalua-
tion of changes in sex and age ratios, a
population todel wis constructed with the
same observable paramcters as the ohserved
samples i the Shandon area (Table 1)..
If u population does nat increase or decrease
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Table ). Mumben ¢! Calfoima gquat, by 1es asd oge
i a xodet popeintes with o tuappst mily tutvuol rals
ard fe propactom identital 18 thow of hunt g wampies
n the thondon greg far caruipording yeon

ALY Juvaiine
Masias  Marrs

140 133 362 Hn 33
1M 219 128 135 428 Qs
1954 274 23 by Pl A
ynl 12V 5 13 3o TN\
1u%3 279 14 23 1 MG

Awtyg Tuuannk
Kran Vesaanrt Basiants Yuras

Pt ¥

1051 151 A 111 bk 1160
1553 py 11 423 $Ik 432 1308
1w 3 a6t un 352 1235
ey %Y 412 232 aus 1
1934 ut | oo 151 3 Lt

1939 Krh] 150 2w 129 w12
4900 pod | 3 170 i 1015
tool a3 13% 155 a2 g
117 1W] 133 38 103 320 020
1943 208 ~0) 1 il T}
1444 191 T R 4] 352

dueing o year, it Is evident that the nsuber
of young birds of the corrent year's rond
nmst equal the stmber uf older birds
that died during the year. The pereentage
of young birds i the fall popadation woald,
therefore, be equal to the mostality rate
of the adults for the past year (Burkitt
1926, Farner 19333. Even with large year-
to-year dluctiations in popudation, if the

Joarnal of Wikdhife Mavagemen, Vel 31, No. 20 Aprl 1970

papatlation size s the same at the end us
at the beginning of o period of vears, the
total number of young mast equal the to-
tud sunber of deathis, und the average nor-
tality rate is given by the sum ol the yearly
nmnbers of youny as a pereentage ol e
suin of the total population cach vear, The
propartions of yonng among hunter-killed
birds gives the same resull,

I linutingg mnethods amd futensity do not
change on the average over a period of
vears, as in the Shandon arca aecording to
notes hept by MeMillan (Personal conn-
umnication) during the Lanting  scasans
from 1951 10 1962, it is 1casamble to asume
that any progressive change in popalation
size would be reflected fn a paradlel change
in Ml stotistics.  Yeat-lowwear variations
i both population mind kill would tend to
average ont o a few years, The kill an the
shandon area for the 6 years, 1951-1956,
totalled 4,274 binds, ao averape of T1) per
vear; and for the foilowing ¢ years, 1957-
1962, 4,294 Lirds, or 710 per yeur. No ap-
preciable chunge in the population is judi
citedl, and  the data may, therefore, be
wsed o estitnate avernge survival rates,

Tohle 4. Contnbutiors lo changer in 3 model popviation attnbutahle 16 mostality jatey different in fermainy than s
mates. @24 1o reprodachiet 10'n1 dereny from the rare required to reploce tones. [Sea fest fot delimnonst,

AT Fesiarey HYIVTS [ 133 Torral, Crennen:

e, Ca'e. - Napl. Cale. N ke
Yoar Nn. Nu, i, Nao New 1111 Nunlet I'rocent
1930 i3 193 -~ ) 7 80 p 24 + 260 + M0
1951 239 aw 4 14 T 43 -~ 82 - Uy} - BAY
L ied 12 125 - |1 HEE) 1043 47N +735 +t218
1953 Shis 838 - 50 Ti0 piat 1) - 480 - 5 - M3
1954 1tn 11 - 49 4t L) -4 4333 4. 442
1435 242 1141 - A2 it K55 41608 + 14 4 123
1uss 263 1463 - 4% i Tl -+ 1 - 70 P (N
1037 24 o252 4 2 o a10 -+ 103 4 124 + 104
1958 oy 151 - 121 Ty 1) 4.421 4107 4 144
1954 251 204 - 17 Sud x5 - (Y7 - 024 - Al
1000 loa 176 + 10 L9 4] U114 -f+ B3 + 93 + 0.}
1961 200 177 - 589 (), =25 - 251 - HO
2 127 [1k) - 24 a51 [Ei3] 283 4254 4 0.2
1463 182 134 - A4 33 463 = 65 - 110 - 1240
1464 150 LB L -~ 2 401 11 w431 -433 - 5111

T
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Contruction of the motlel population
abg teguites some assemption as o sure
vival fites. Beeamse the muntwer o aclult
raades iy generally greater than the nupdwr
of achslt fermales (Table 1), i appears that
virfutions in the adult sex ratio are the
tesult ob variations in female mortality.
The sssmnpstion is enade that the supvival of
anlult males each year s constant, and egqual
1o the mean susvival rte of 0424 derived
rong the total mobers of adolt and fe-
watire wales In bunting samples  {from
1952-1962. ‘The maodel population is culen-
Lited by starting with o cohort ol 1,000
birds, and dividing it into sev amd age-
clawses in the same proportion as the ob-
served lunting saanple in the initial year.
The total sraber of males Is then wmalti-
plied by the nssued suevival mte o give
the number of adult males the following
vear. The aumbers of adult femates amd
“mature mades and fewales are then eal-

alated 10 ghe the sanwe ratlox to wdalt
males as i the hunting sample, This pro-
cetlare was cutied out In suctessive yveurs
to give the madel population shown in
Table 3.

From this sutvisal table, a further analy-
sis was made o show the contributions of
dilferential female mortality amd produc-
tion of young te the total population chinnge.
This snalysis is shown fu Table L. The “Po-
tential Number” of females {coluun 2) s
the monber that would be present if the
survival mate were Une same as it as-
sumed for nales; the differenee {column
4) Jrom e calevlated nunber given in
Talde 3 {colomn 3) is the wnnber of fe-

“ales which die in exeess of the eapected

number {negative sign); the three cases
with a small positive dilference probahly
reprosent sampling errurs, since differences
of aboul 20 are not significant in a popula-
ton of the postulated size. The “Replice-
ment Number” of immature birds {column
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53 Is the number wequited to malntain the,
population on the asusaption of a comtant
mortality ride for adulls, The estimited
ntmbers calenlated i Table 3 ure shows
in colmmm 6, aud the difference from the
“Keplacement Number™ in cobtenn 7. Tl
final colunms show the total popalation
change in ambers and as & percentage of
the previons populatton. Fig, 1 showe the
percentage population change as compuitedd
by s icthod, as well as the immature:
adult ratios from the hunting records; the
seales have heen adjusted to be equivalent,

‘o test the agreement of the model popu.
lation with the observed sungle, the popu-
Lation totals were sumnined Jor the yeurs
19511930, and for 1857-1962 In the car-
lier period. wumbers totalled 6,425, and in
the latter perind 6412, The medel popu-
lativn, therefore, not only has the propor-
tions of the sex and age-classes for each
year equal to the proportions i the hunt
ing samples. but alw remains at the same
level over o perieel of years, with annue!
variations superimposed, as do the hunting
samples.

‘I'he totad chiange in the maded pepulation
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toble 5. Cenalarign of hunnng-hill g'atithis with peovla.
tion mode! Doregten,
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tahle & Lnt sl independent varnbles fevted Yo conglot an
with produchvity (nde.

Forvianos Man s Faraukiens
roont famis 4

e et - —
Istgarrne s Pracaned  “Hacen® Fraand
Ervars Ciasay, Yuesu  Semvivat

| HTEN
Nrnftotics

————

lmm:Adults 0983 D474 nO88 -0.260
Limns Adult
Males 087 0.093 0998 -0,123
Tz Adult
Foinales untl N5 0032 043

* \aths of immatute hitds 10 porentis]l brevding temales
{CoL ¢/Cul B},

¥ P'rrcent mnnual chankes Ly eundel m]hll-llkln {Cal. Y},
* “Etrvas” yogny rf\llikﬂl {(Col 1
¢ I"stras of wilult Frmales sanvising (Col. 4),

is doe almost entirely o reproduction
greater or less than that required to replace
fosses, and  differential  femate  mortality
is of minor quuntitative friportance {Tahle
43

Farameters of the model  population
are correlated (P < 0.01) with Ml statistics
(‘Fable 5}, ‘e immature-adult ratio it the
{ull bas, theredore, teen taben as the mea-

sure of Imdllcll\‘ll\' i the pnpulnliun'i
studied, - ‘

Age and Density Factors

Popalation parameters such as population
size, sex rutio, and age rutio may themselves
affect productivity and population size. In
Loth the Shandon and Beikeley arcas (the
enly oucs with unbroken records), every
ease of shnormally high reproductive suc.
cess followed o year i which reproduction
was lower than normal. “Fhis may bhave
resulted from inereased 1eproduction due
to fower populition densities; feom higher

_reproductive rates in older females ns com-

pared to those in their first brecding sea.
sot; or from a combination of these elfects.

-Smaller papulations, following a yvear of
“poor reproduction, have a higher propar-

tion of old birds in the following season'’s
breeding population. Observations of the

. birds in captivity suggest that the breeding
" efficiency of older females is more impor-

A oportion of aduite among females e pres
sious fulk.

B Relative size of nwdel population

C. ‘Total seasonad ratnfall l‘ummh decade 24,

. Total sainfall decades 13-21,

2 Talal evapotzanspittion decades 1324,

F. crotal ratnlall decades 174210,

L. Lot cvapotranspination devades 15-20,

i, Soit onsture (eompuited ) dlecads 24,

1, Hainfall nuount decale 24,

5L Aveummbaled evapotrampleation decade 240,

. Hainc Inden devude 20,

{. Baln Itld!.'t decade 10-21 mdnus rain index
decade 22224,

M. Temperatute imdex minus rabn index decade
e,

N 'lc'mpc'mlule inden minus raln index decades
25-27.

0. Pought index Jecades 16-20,

L Avcunmlated tempematung above 35 F, dec
whas 19227,

Q. l)tpa:tmu ol winhimum tempenture, decades

i Meon temperatune tangle decades lo- 10},

S, Date of new monn nlter Mawh 0

tant than density, In the 2 sears in which
breeding was observed in Berkeley, with
essentially no difference in pepalation den-
sity, four adult fermales hatched 83 chichs in
six nests, while three yearling fenmles fuiled
to hiateh any chicks at all. Thete does not
appensr to he any eotrelation between re-
production and sex ratio, which was near
unity in field data for both 1951 with very
poor reprotuetion, and 1952, with the high-
st reproduction rate observed (Table 1),
Twa pupulation parameters were, there-
fore, caleulated for the Shandon area for
usc in regression annldysis. These were:

A The percentage of adulls amnong le-
makes in the preceding fall hunting
sample.

B. The size: of the model populntion.

WEATHER PARAMETERS

To use weather data meaningfutly, para-
meters bearing o biological relation to the
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quail. papulation maust be develaped from
the temperatire wand peecipitation data,
Clintie data are wsed anly as an todes to
the total weather patiern, i order (o de-
velop such parameters, the histogical ol
fects of varluus weathier conditions on quail,
buth as reported in the lterature, and sug-
gosted by fieh! observations in this study,
were cotnddered, and working hypotheses
lormulated s to e possible relations be-
tween weather parnmeters and the subse-
uent quait reproductiun, Developunent of
rabufall parainers ato discussed below in
some detail, and other factors are treated
muore hricfly,

Rainfell

Both the wmount and  distribution of
g have bren frequently noted o affect
the repmductive e of quail autd other
Lirds, fu sembaeld teglons, low ratufull
is assoctuted with reduced reprodection.
anil above normud rminfull with good repro-
duction (Grinnett et al, 1918, Gullton 1960,

" “Sowls 1960, Gallizioll and Welh 1068, Hun.

perford 1961).  Willlams  (1039:212-213)
found that a wet spring delayed the oncet of
breeding in Californfu quall in New Zea-
lad by 2 weeks. Rait (1960) found no
cosreliatinn of precipitation with produc.
tivity: of Californin quail, but noted varla-
tions in vegetation corsesponding to year
to-yeur differences n rainfall.

The effect of ralnfall on euadl reproduc
ton may Jepeid on the response of vegeta.
tion to wainfall (Sunmer 1935, lchmamn
1940, MacGregor und Inlay 3931, Hunger-
ford 1964}, Similaly; field obscreations in
my study showed good productivity of
California quail in 1963, when green vege-
tation ard annnal forbs were abundant fol-
fowing Wigh winter and spring minfall.
Poor quati productivity oceurred in 1964
wlien vegetative growth was poor following
tow rainfall, The drier Shandon arca pro-

2%
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rqr 3y b thisg nren:
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AN Ttaens aal ’ I;il"l I‘l:l-u“
Berka by J2x0 an3 017
Nadtings 1.3 5.9% 051
Muanlun 9.5 135 woi

duced fewer soung than the wetter Berke-
ley and Hastings areas in both yens (Table
7). The hypothesis Is soggested that rain-
fall effect on duadl productivity may operate
thromgh Its eflect an vegetation. Nutritiona)
deficfencies {Vitaniin A or other yet ani-
dentifird factors) and vuriolions m cover
are two mechanisms which have been sog-
trested.

Vegetation  growth  depends  on the
amount of rainfall, its distribution during
the year, mind the temperature at the tine
water is available to the plates, The foint
clfect of rainfall and tempemture on vege-
tative growth was studied by Thomthwaite
(1948) - sud - Thornthwaite and - Mather
(19553, who developed an emplrical {or-
mula for “potential cvapetmnspleation”
(‘Thornthwaite 1918:89-9 4. otential
evapotrauspiration is defined as the amount
of water which will be exvaporated and trans-
pired vnder the tempenture regitne of o
given locality with an unlimited water
supply, ‘The value Is caleulated from the
temperature data Jor the locality, The
actanl  {computed} evapolranspiration s
determined by a “hookkeeping” method, in
which the potential evapotrunspiration is
enmipared with the amatints of waler avail-
able from raiufall and from soil molstute
storage (Fhosthwaite and Mather 1057,

Francis 1967). Although the concept has - -

certain theatetical drawbacks (Peltan et ai
1960), cvaputranspiration has proved, for.
practical purposes, to be an excellent indi-
cator of vegetative growth in California and
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clsewhere {Aikley and Ulriely 1962, Arkley
1963, Majur 1863 ).

On the hypothesis that gquail reproduction
is infhuenced by vegetative growth, which
Is controlled by the gecumulated evapo-
transpirction  from  September to some
critical period in the breeding season, 1
valeulated the Thomthwaite evapotranspi.

- ration by 10-day periods for cach year con.

[T A

sidered, Preliminary calenlations fudfented
that the evapotsanspiation effect was great-
est when sumined theough decade 25 (late
April); aceuniluted evapotranspiration for
that period was then selveted as the weather
pamtieter with which to test the particular
hypothess.

Similar muthods were used 10 eximine
athes =acsilile effeets of rinfull amount and
dhlrilmlinu. The weather parnineters test.
jng these effects were chosen as follows:

C. Tatal seasonal rafufudl through dec.
ade 21 (late April).
D, Total rainfull decades 13-21 {Jauu.
ary~March)..
Total uupulrumpimuun decudes 13-
24 ( Junvary-April ).
I 'l‘olai rafnfull decades 17-20 (enid-
“ehriagy-mid-March),
5. Total pvapotranspiration decades 17~
20 {mid-Febnary-mid-Mareh),
H, Computed available soil moisture dec.
ade 21 {late April).
. Rainfall winoent in decade 21 (Inte
April),
J. Accumulated evapotranspiration
throngh decade 24 (late April).

Nain may also act as a trigger or a de-
terrent to hreeding if it ocowrs at o critical
time, without regard to the total amount
except in a broad sense. Lehmann (13H6:
112) noted that breeding was resnmed by
Texas bobwhites swhen swmmer rains oc-
curred, but that during “incubation. hirds
left thetr nests at the first sign of a shower.

g
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Droughl, or e continued non-ocenrrenee
af zain, hus often been elted as an inhibitor
of breeding (for exaumple, Ereington 1945
14, Lehmanne 1953:221); Nice (1937:2103
noted that drought has an indlireet effect
viie the foad sapply, Marshall { 1959:163)
found raiufall to he a powerful regulutor of
breeding in birds, especially it aric ceglons,
“Bad weather,” which in context usually
refers o a combination of rain rud low
temperstares, has been frequently  men-
toned as a cause of delaved l:ru'dnu.. or
rediced productivity,  Lewin (1963:259)
found vcalicr breeding in Caftfornia quail
whiee o rainy March was followed by a
dey April than in the reverse sitoation. Low
temperatures  In conjunctlon with  maiuy
days have been related to population levels;
Allison (1962), wsing paired faclors of
temperature aud precipitation, found New
Lngland grouse (Bonasa umbellus) popu-
tations flnctuite with degree.days above
65 F, and with the total ratefall for the
lust 2 weeks of May,

The effeets of the oceurrence or none -

oceurrence of iy, with or without ue-
companying cold, were tested by the use
of the [ollowing weather parmneters:

K, Bain fndex af decade 20 (mid-Marcts ),

L. Sum of rain indices for decades 19-21
(Murch) fess the sum of min indices
for decades 22-24 (April).

M. Temperature index minus rain index
for deende 20 (mid-Muasch).

N Temperature index minus rain fudex
for decades 25-27 { May).

0. Drought Index for deeades 16-20
(varly February to mid-March).

Temperature

Quall may be killed directly bLy cold
(Crinmelt et al, 1918, Kendelgh and Baldwin
1937) or by exposure to the heat of the sun
(Sunmer 1935). atchability of cggs tnny

e e A s e e

Eng e e e ey o
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be affected by temperature (Elickey 1958,
Latudy 18902, Romanoff 1934, Yeatter 1930),
Timing of the breeding cyele wnd vardations
it reprodhective phvstology and behavior
are related to temperature { Nice 1937, Leb.
wann D16, Marshodl 1949, 1959:.1067; Mar.
shll and Comnhs 1937, Buss amd Swanson
14530, Lewin 1963, Cravford 1962, Somes
1962).

Field observations in this study e nal
provide any evidence of mortality due to
extreme temperature, or of temperatnre
effects oneggs, In faet, very e inortulity
fromn any cnuse was noted, the few eases
heing camed by aecident or predation, Fer-
tility andd huatelbility of 95 cges found and
tested was 92 pereent, with no difference
between 1963 and 1964, Tempernture may
have alfected the time ol onset of breeding
belivior, with some effeet on productivity;
and temperature during the breeding senson
may have alfected the vigor of the laying
hen and indireetly the vinhility of the chicks.

Weather parametess selected to test tem-
perature effects were as follows:

P, Accumulated temperature excess
above 55 F for decades 19-27 ( March,
April, May),

Q. Departure of minimam temperature
from the mean of the two preceding
vears, for decades 21-22 (late March-
carly April).

Light

The photoperied, or tength of day, Is an
fmportant factor controlling the onset of
reproductive activity of birds (Rowan 1023,
1926, 103%; Burger 1949). While the astro-
nomienl day length on a given date does not
vary frum year to year, it is evident that in
nature there must bie a threshold of light in-
tensity that delimits the end of the light
period, and a threshold that delimits the
end of the dark perod. Threshold inten-
sities muy be reached at dilferent tines with
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respeet to astronomical sunrise and sunset
(Sumner 1035, Davis 1935, Flen 1937,
Leopold and  Eynon 1961, Shaver amd
Walker 1031), ‘The varintions are related to
cloudy versus elear skies, and to the bright-
ness of moontght, The few days immedi-
ately following the full moon have a small
increment of light in the early tnoming that,
in effeet, produces an carlier dayhreak and
a longer length of day. The total varintion
may he as much as 40 minutes between o
cloudy and u clear day { Bartholomew 1949;
4063). Such differences in effective day
length are cquivalent to several wechs ad-
vimee or delay in the season, and may af-
feet the reproductive suceess,

Cloudy days are choracterized by lower
masimun tanperstures, as a result of re-
duced solar radiation reaching \he surfuce
during the day, and by higher minimum
tempetatures from reduced net oulgoing
radiation from the surface duting the night,
The daily range of temperature, the dif-
ference hetween the maximuam and the
minimum, s closely correlated with the
duration of cloudy weather, Light effects
on rerroduction way thus be tested by
clonduness, espressed in terms of daily
temperature range, atd by the moon phase,
expressed as the date of full moon. The
parisneters selected were the following:

R Mean temperiture range {maximum
minus minimum) for decudes 17-20
(mid-ebruary-mid-March),

5. Number of days alter March 6 that
full moon nceurs.

Table 6 lists "o independent variables
usedd i the regression analysis which may
bo causative factors in quail population
changes. :

STATISTICAL ANALYSIS

The relationship between the juvenile:
acult ratios (') in the Shandon arca (Tabie

1. . .
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1) and the variables shown in Table 6 was
amalyzed by a stepvise sltiple Mnear
regression, using an 1M 1620 computer
with a progeam written by Boles (1903). At
each step, coefficients for the multiple re-
gressfon equation, the standard error of ¥
on X, the squared correlation cocllicient,
the sum of the squares of the residuals, the
staticlurd ervor of each coefficient, and the
Litio for cach cocfficiont were computed.

Simple Correlation

Iligh correlations (P < 0.91) were found
between the juvenilesudult ratio and the
lollowing variahles:

A, Proportion of adults amnong females
the previous fall,

B, Relative stze of mudel population.

C. Total seasona) vainfull throngh April,

D, Total rafnfall January-March,

E, Tatal evapotranspiration January-
4\1‘!1‘".

H. Soil moisture (computed) late April.

J. Accumulated  evapotranspiration late
April.

M. Temperature index minus min index
wid-Mnech.

Some corrclations were found which sta-
tistically would appear to be signilicant but
cannat logically have uny causal connce-
tion, For example, the percent of adult
females in the preceding fal) sumple Is sige.
uificantly coreclated (P <0.01) with tac
occurrence of rain in the middle of March
(r=0077). High corrclation (P <0.01)
{s ulso found between the date of the nmew
woon (S}, and both mean tewnperature
range in decades 17-20 {R) and the vecur-
rence of rain and low temperature in mid-
March (8 ). Although the first inclination
is to dizinlss these as spurious ur accldental,
there is a possibility that there may be a
real, if undelined, relationship, Brier and
Bradley {1964:387-388) have showu a sig.

Journal of Wildtife Management, Vol 34, No. 2, Aprl 1970

nificant (£ < 0.001) cyele of 14765 days i
precipitation data Jor the Unitea States,
cqual to exactly one hall of o funar wonth,
and they suggest that the causal factor is
lunar, Lamd (1963) fornd a lunar period
i sunshine observations in the United
States, and Siivonen and Koskimivs (1953)
have shown  population  [luctuations  in
phase with the lunar cycle,

Multiple Rogression Analysis

In view of the correlation existing be-
tween most of the weatlier viriables heing
consfdered, only n limited wmount of in-
furmation can be gained from the above
simple correlutions.  Multiple linear re-
gression of the juvenile:ndult ratio (Y)
on the 19 variables of Table 6 (17 weather
parameters and two population parameters)
for the years 1949-1962 yielded the fal-
lowing regression equation for the quall
reproductive index in this arca:

Y =0920 ! 4+ 0.021 A~ 0.120C - 0975,
I? = 0988

All of the cocfficients in the above equn-
tion are significantly different from zcro
(P <001). ‘The goodness of fit to the ob-
seeved value of Y s measured by the
stquared correlation coefficient I3, which
is equal to 1-{the ratio of the residunl
variance to the lotal variance of the depen.
dent varinble Y).

The quantitative fmportance of the nd.
ditionu! variable added in cach step is in.
dicated by the amount hy which R2* is
increased und the residual vaiance is de.
creased. With the single varlable H (suil
moisture), A= 0.831; addition of variable
A {proportion of adults among females) n-
creases 12 by 0.124; vurinhle € (scasomnal
ruinfall) by 0.033.

In bricf, the varianee of the productivity
index 1 is due to all three factors which ac-
count lor almost 99 pereent of the varfance
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fig. 2. Oouwerved totioy of immature to adult birds In {a¥
hunting 1amples in the Shandon area ond ravios caleu'ated
from the regrevion cquation ¥ =2 0929 H -4 0021 A -
0120 C - 0.975. Dalu ftam hunbr ., reards for the pativd
1950-1962.

of the reproductive udes. A fourth vard.
able, seasonal evapotranspiration to the end
of April, contributes very little moie, 1e-
ducing the variunce by less than 1 pereent,

The closeness of fit of the values of Y
caleuinted from the abave cquation, indi-
cated by the ¥ value of 0.988, is Hllustrated
in Fig. 2, in which the vertical bars repre-
sent the caleuluted values plus or ninus two
standard errors, and the observed values
are indicated by cireles. “The [it is striking,
siner only three independent variables have
been used in this case to ealculate the 13
points,

Details on the methods of ealeulation and
the results of tests on independent data have
heen previously reported (Francls 1987 ).
The close agreement fonnd between ob-
served Indices of reproductive success and
those computed from independent data
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e 002 A = 0120 € - 0.975, and cbierced tabos in the
hunting somples for § yean.

(Fig, 3) is convineing evidence that the
factors in the above regression equations
determine population levels in the Shanden
arca for all but a few exceptional yveass.

‘The apparent discrepancy for 1964 is at-
tributed to the observed ratio being nearly
2vro. In this case, conlidence limits could
not be compated, and it is also reasonable
to expect departire from linearity, The
1947 discrepancy remains uncxplained, The
incomplete data for this year required that
the proportions of adults amony females
be estimated, and the estimate may have
been In crror,

DISCUSSION

The mechanisins by which these weather
factors affect quell reproduction can only
be conjectured, Direct observations of hoth
captive and wild birds suggest that a proxi-
mate lactor is the behavior of the birds dur.
ing the breeding season. Differences were
very uoticeable in pair formation, incuba-
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tion belaviar, and care of the voung, be-
tweent the 2 vears of the study, 1o the
clutches which were suceessfully hatched
in the enclosure at Berkeley, survival of
the voung made the difference hetween
the 2 yvears, Farental care appeared from
tv observatfons, to be respomsible Loy the
greater sunvival in 1963, but nelther viability
of the chicks due to on influcnce of carlier
conditions on the patents’ physiology, or a
more direct fnlfuence of the quality of
food available to the chicks, can be ruled
aut.

Evidenee that the differences in repro-
duction in the Shandon arca wese related
o hormone levels is given by the gonndal
developtment of specimens. O nine speci-
mens examined in 1963, cight were In
breeding  condition, while in 1961 only
one of six was in possible breeding condd
tion i carly June (P <0.03). Early molt
gives stronger evidence, with all of 57
trapped birds molting on June 8.

The clfect of Vitumin A remains obscure,
thungerford {1364) related quail praduc-
tivity lo vitamin A storage in the liver In
Gambel quail, 1lis June specimens showed
lower vitamin A levels inoa yeor of good
production of vouny, while specimens in
tny study had relatively high vitumin A
levels in June when almost no young wese
produced, In view of the rapid change in
vitamin A storage that nceurs after preeipi-
tation  (Hlungerford  1964:145), my data
canmot be compared with his for ather
months,

1t scems likedy that differences in repro-
ductive suceess are related to the plant spe-
cles which are abundant under the different
rainfall regimes, and to the time of yeur
when they are growing most vigorously and
have o high nutritive vielue. Observations in
the present study, both in the field aud in
the enclosure, showed striking dilferences
in the vegetation composition, years of good
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qrail reproduction beingg those with an
abundance of wal fotbs, inclading leg-
wmes, known o be important as quail foads,
Species of plants and growth stage may be
more fmportant to quadl nutritionally than
the production of food I guantity,

As a wartking hypothesis, it appears st
the temperature and minfall regime in o
given year is responsible for the produe.
tion, prior W the beginning of the quail
breeding season, of highly nutritions plant
fonds swhick, under eptimum  conditions,
supply all the clements (protein, vitumins,
mud other) necessary for vigorous repro-
ductive behavior, An appropriste photo.
period will trigeer the begiuning of the re-
productive seisom; F nutrients are present
i an adequate amount, gonadotropic see-
retions of the pituitary will lead to full
gonadal development, s evidenced Ly patr-
ing, apgressive beliavior, vocalizations, wmat.
ing, cte., tollowed by nesting aud egglay-
ing. Normul envizomnental stimuli, and
perhaps gonadal feed-back to the pituitary,
will then stimulute the production of pro-
ketin and other hormones associated with
incubation and  with parestal  behavior;
such hormones are more readily clicited in
esperienced femnles than b those breeding
for the first time. With deficiecius of es.
sentinl nutrients, the pituitary will produce
subpormal amounts of both gonadatroping
and prolucting and both reproductive and
parental behavior will be expressed at a
low Tevel, resultineg in poor hatches ol cpys
awd poor suevival of young,

There remains o wide feld of Inguiry in
many aspeets of the system here postulated.
It wonld be desirable to determine the
varintions in species, and in the tming of
grovth of plants under dilferent weather
conditions; the nutrfent value of hoth seeds
atd vegetative parts of these plants; the
levels of vitamins and other nutrdents in
quail feeding on particular plants; the de-
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velopment of e gomudy and the accom-
panying repraductive hehavior: the normal
changes in vitomin levels and e endoetine
production at cach stinge of the breeding
eveley amd thelr variation with weather con.
ditions, ad e comples uenroentdou ine
relations fiwelved in behavior at all stages
uf the reprductive evele,
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